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The present invention relates to a sustained release polysaecharide- 
protein bead and to a process for the preparation thereof; More particularly, the 
present invention relates to a sustained release polysaccharide-protein bead 
containing at least one volatile hydrophobic component for release therefrom in 
atmospheric air. 

U.S. Patents 4,400,391 and 4,401,456 describe and claim alginate gel 
beads containing bioactive materials dispersed therein. These beads can be 
made to either float or sink in aqueous environments,-and are capable of 
providing the controlled release of their bioactive materials when applied to 
terrestrial or aqueous environments. 

The prior art deals with the controlled and/or sustained release of various 
materials from polysaccharide beads such as from alginate gel beads into 
aqueous or wet environments, however the release of hydrophobic volatile 
materials into the atmosphere from such a bead is neither taught nor suggested 
in the prior art. 

With this state of the art in mind, there is now provided according to the 
present invention a sustained-release polysaccharide-protein water insoluble 
bead, comprising an emulsion of at least one protein and at least one volatile 
hydrophobic component contained therein, wherein said volatile component is 
released from said water insoluble bead in atmospheric air. 

In preferred embodiments of the present invention said polysaccharide is 
an alginate. 

In especially preferred embodiments of the present invention said protein 
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is gelatin. 

In preferred embodiments of the present invention said polysaccharide is 
selected from the group consisting of carboxy methyl cellulose, chitin, pectin, 
chitosan and carageenan. 

In preferred embodiments of the present invention said volatile 
component is an attractant which is preferably selected from the group 
consisting of eugenol, benzyl alcohol, leaf alcohols, aldehydes and acetates. 

In other preferred embodiments of the present invention said volatile 
component is an attractant inhibitor which is preferably selected from the group 
consisting of (Z)-9-tetradecenyl formate and (E,E)-10.12-hexadecadienol. 

In another aspect of the present invention there is now provided a 
process for preparing sustained-release polysaccharide-protein water insoluble 
beads for release of a volatile hydrophobic component therefrom m 

atmospheric air, comprising: 

a) preparing an oil/water emulsion by homogenizing a volatile 
hydrophobic component with an aqueous protein-containing solution; 

b) mixing a polysaccharide with water and adding the same to said 

emulsion; 

c) rehomoginizing the emulsion of step (b); and 

d) adding the emulsion step (c) in a dropwise manner into a gellant 
contained in an aqueous medium to form said water insoluble beads. 

In preferred embodiments of the present invention said process further 
comprises the step of: 
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e) mixing said beads with a tannin soluition-to^effeet^cross-limking of 
the protein- component of said beads, optionally followed by the further step of: 

f) drying said beads. 

The beads prepared by the process of this invention are useful in 
providing sustained release of volatile materials contained therein, when 
exposed to the atmosphere. As long as the beads are kept in water, the volatile 
material is not released. 

Said oil in water emulsion is preferably prepared by homogenization of the 
volatile hydroph©bie*eompQnent in a geiatifi*solutiom>. A water-soluble salt of 
alginic acid^is mixedtwittotwate^ is then 

homogenizedtag%im!*andraddedidr©^ dh tri- or 

quatra-valentmetaltsa^ 

to form gel.*>As^eaGfeBdr©p f comes^ip^ontaej^ the 
gelation is initiated*andfa*beadtf^ o^the^wateNnsoluble 
beads with tannic acid solution over night is possible if an extended delay of the 
release of the volatile material is desired. 

More particularly, the invention describes the process and the product, 
which is the formulation for a slow release of pheromones. 

DETAILED DESCRIPTION OBTHE PRESENT INVENTION 

In substantial*similarity to U.S. 4,40-1', 456; the simplicity^ requirements 
needed for carrying^out the^proeess-of the*pr % ese,mt?invef^ti®m^pe^mitSflr^^uch 
latitude in design of equipment. A suitable apparatus, as described below, is 
brought only for the purpose of illustration and not to be construed as limiting 
the invention. The apparatus consists of a reservoir to contain the 
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alginate/protein/volatile- material/water emulsion that is equipped with a 
stopcock or similar device that allows the dropwise addition of the mixture- 
through an orifice. The gellant solution may be contained in any convenient 
vessel. 

After a suitable amount of time within the gellant solution, the resulting gel 
beads are removed by means such as filtration, screening, or straining. They 
may be rinsed in plain water if desired. 

Beads may be further stirred in tannic acid solution and then rinsed again 
if a longer release-time of the volatile material is desired. 

The beads can be used in this fully hydrated state or dried to any desired 
moisture content without losing their effectiveness. Small hard granules result 
when the beads are dried. The hydrophobic oil which is present within the 
beads, e.g. a pheromone, can be released slowly, to the atmosphere. The rate 
of release can be sustained by suitable selection of the concentration of the 
alginate, proteins, tannic acid and additional components such as polyethylene 
glycol, urea and electrolytes. 

The rate of addition of the mixture from the reservoir is a function of 
orifice size and the number of orifices used. The above rate can be increased 
by applying air or piston pressure. 

The distance between the orifice and the surface of the gellant solution 
should be far enough to allow the droplet to penetrate the surface of the gellant 
solution. 
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The size of the resulting alginate gel beads depends on theviscosity of 
the alginate/volatile material/water mixture, the amount of water- retained in the 
beads, and orifice size. An orifice of 0.1-5 mm in diameter is suitable, but the 
preferred range is 0.8-2 mm. Beads will be generally spherical or ellipsoidal 
with an average diameter of 0.1-6 mm. Smaller beads, down to micron in size, 
may be prepared by spraying the alginate/volatile material/water mixture into 
the gellant bath. 

A continuous process of producing beads is possible and requires 
continuous removal of gel beads and maintenance of the gellant concentration. 
It is also possibles extrude the alginatetolatile- mateFial/.water^mixture into 
the gellant to form a stning-jike gel, which can*be cut into, various lengths or 
dried and greund'intosgranulest* 

Hydratedi(undried) beads-will usually be stored in'water*»The»well-known 
phenomenon of syneresis can occur with alginate gels*as welUas-with many 
other polysaccharide gels. Specifically, it is the loss of fluid (mostly water in the 
present invention), from the gel caused by contraction. Most of the fluid loss 
occurs within the 24-hour period after preparation, but it can continue for a few 
weeks before coming to equilibrium. Some factors that influence the amount of 
syneresis are alginate composition, crossiinking of the gelatin with tannic acid, 
temperature, gellant and the chemical nature of the volatile material. Usually 
the fluid that is exuded during the first 36 hours, is principally water and only a 
relatively small amount of volatile material is lost. 

The protein used in the emulsion preparation of the present invention is 
a B type gelatin, but other proteins may be used as well. The concentration of 
the protein may vary widely and will influence the release rate of the volatile 
component/s. 
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The alginates used in the invention are any water-soluble salts of alginic 
acid. These include sodium, potassium, magnesium and ammonium alginate, 
and the alginates of organic bases such as amines. Sodium alginate is 
preferred. The viscosity of the alginate may vary and will influence gel strength 
to some degree. Highly refined alginates are not required for the practice of this 
invention. 

An especially preferred alginate is the alginic acid, sodium salt, LX0450, 
available from MCB Manufacturing Chemists Inc., Cincinnati, Ohio, having a 
bulk density of 43 Ibs./cu ft, a pH of 7.2 in a 1% aqueous solution, and a 
viscosity (run with a Brookfield LVF @ 60 RPM) of 400 @ 1% and 3500 @ 2%. 

Concentration of the alginate formulated in the initial alginate/volatile 
material/water mixture is 0.1-3% by weight, but 1-1.5% is usually preferred. 
The volatile materials referred to in this invention are any volatile bioactive 
materials, such as pheromones, essential oils, pesticides, fragrances, etc. 

The excellent chemical compatibility of alginates allows admixture 
according to the present invention with a very wide choice of volatile materials 
such as those described above. They are too numerous to list in their entirety. 
The following are only a few of the pheromones that can be used, given for the 
purpose of illustration and should not be construed as limiting the scope of the 
invention. The common name is given first, followed by the chemical name. 
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Common* name 



Chemical name 



Muscamone 
Gossyplure 

Disparlure 
Grandlure 



(Z)-9-tricosene 

(ZZ)-7,11-hexadecadien-1-ol acetate, and 
(Z,E)-7,1 1-hexadecadien-1-ol acetate 
cis-7,8-epoxy-2-methyloctadecane 
(1 R-cis)-1-methyl-2-(l-methylethenyl cyclobutaneethanol; 
(Z)-2-(3,3-dimethylcyclohexylidene)ethanol 
(Z)-(3,3-dimethylcyclohexylidene) acetaldehyde; and 
(E)-(3 , 3-dimethylcyclohexylidene) acetaldehyde 



It is an importarnt.part of thisHnventio.n*that additional control over rate of 
released thes^types^volatile.materialsjnBay be aohieved^Jhis.may be 
achieved,by s intetacti0 1! i ? between*the components** the formulation with the 
active materials** 

C<5neentrati©m*©f the volatile matenial^formulate^d^in the-* 
alginate/protein/volatile material/water mixture can be as high as 50% by 
weight, but is preferably in the range of 0.1-20%. The ingredients of this mixture 
may be incorporated in any order desired prior to the emulsification process. 
The preferred pH range of the mixture is 4-12. The usual and preferred 
temperature of the mixture is 20-30°C, but may be higher to reduce viscosity. 

Cations that will gel alginate solutions are the cations of barium, lead, 
copper, iron, strontium, cadmium, calcium, zinc, nickel, aluminum, acid (H + ), 
and mixtures of these- The gellant solution, of thepresent invention consists of 
an aqueous solutionwof a soluble- and ionized*salt*of a rnetaMisted-above, an 
acid, or a mixture of these. Choice of gellant will have an effect on gel 
properties and possibly on the release rate of the volatile material dispersed in 
the alginate gel bead. The preferred gellants are the chlorides and acetates of 
calcium, barium and copper; the preferred acids are hydrochloric and acetic. 
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Concentration of the metal salt or acid in the gellant solution may be up to 50% 
by weight, though 1-15% is preferred. Gelation proceeds faster as the 
concentration is increased. Reaction with sodium alginate and certain volatile 
materials will reduce the effective concentration of gellant cations, therefore a 
sufficient concentration must be maintained to provide the desired properties. 

Temperature of the gellant solution can affect gel properties. It is an 
advantage of the present invention, which involve volatile materials that heat 
does not have to be employed and most products can be made at 1-30°C. The 
preferred range is 20-30°C. However, any temperature up to, and including, the 
boiling point of the gellant solution may be used. Reaction of the 
alginate/volatile material/water mixture with the gellant solution is very rapid and 
produces a distinct gel bead immediately. Gelation proceeds from the outer 
surface to the center of the bead. Final gel properties such as hardness, pore 
size, surface area, strength, elasticity, size, durability, and release rate of the 
volatile material are influenced by the time within the gellant solution and should 
be optimized for each product. Generally, a residence time of 0.1-25 minutes 
may be used, but 1-10 minutes is usually sufficient. 

In certain applications it may be desirable to add other ingredients to the 
alginate/volatile material/water mixture or to the gellant solution, or to the final 
gel beads. These additives may serve to alter the rate of release of the volatile 
material, protect the gel beads from microbial attack or oxidation, facilitate the 
preparation process or reduce syneresis. They include solubilizing agents, 
biocides such as formaldehyde, enzymes, organic solvents, surfactants, 
viscosity modifiers, filmforming agents, natural and synthetic gums, 
sequestering agents, starch, talc, fibers, light-screening chemicals and 
antioxidants. 



Sustained release refers to formulations or materials that dispense their 
active ingredients into the environment over a period- of time in a constant rate. 
For the purpose of this invention this time period can be short and«me"asured in 
minutes or hours, or long and measured in days or even months. In the 
present invention, release of the volatile material from the alginate beads 
occurs through processes such as leaching, diffusion, dissolution, and 
degradation in atmospheric air. 

Sustained release materials may be used to reduce the number of 
applications needed* to perform a certain-taskr permit an effective-(while not too 
high) concentration in the environment at any one time, and enhance 
effectiveness against the target species. 

This invention is suitable for producing alginate gel beads containing 
volatile material, said beads^being useful for agricultural, industriaLcdomestic 
and health-related purposes*- 

While the invention will now be described in connection with certain 
preferred embodiments in the following examples so that aspects thereof may 
be more fully understood and appreciated, it is not intended to limit the 
invention to these particular embodiments. On the contrary, it is intended to 
cover all alternatives, modifications and equivalents as may be included within 
the scope of the invention as defined by the appended claims: Thus, the 
following examples which include preferred embodiments will, serve to illustrate 
the practice of this invention, it being understood that the particulars shown are 
by way of example and for purposes of illustrative discussion of preferred 
embodiments of the present invention only and are presented in the cause of 
providing what is believed to be the most useful and readily understood 



description of formulation procedures as well as of the principles 
conceptual aspects of the invention. 



EXAMPLE 1 

3 grams of gelatin were dissolved in 97 grams of water. 5 grams of 
dodecyl acetate and 3.4 grams of water were added to 16.6 grams of the 
solution, and the mixture was homogenized for 5 minutes (9500 R.P.M). 2 
grams of sodium alginate were dissolved in 98 grams of water, and 25 grams of 
the solution were added to the solution of gelatin and dodecyl acetate. The 
whole mixture was homogenized for 5 minutes (9500 R.P.M). 

The solution was added dropwise through a syringe equipped with a 22G 
x 1 1 / 2 needle, falling a distance of 60 mm, into 150 ml of 0.25% CaCI 2 solution. 
The CaCI 2 solution was contained in a 150 mm diameter vessel, and stirred 
with a magnetic stirrer in a rate of about 120 R.P.M. The rate of addition was 
such that 5 minutes were required for the 50 g addition to take place. The 
beads which formed (2 mm in diameter) were left in the solution for 5 additional 
minutes. The beads were then separated by filtration through a sieve, washed 
in water and stored in water. When air-dried, the beads became hard granules 
of about 1 mm in diameter. 

EXAMPLE 2 

Alginate beads containing dodecyl acetate were prepared as in example 
1, but using FeCfe as the gellant solution. 
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EXAMPLE 3 

Alginate beads containing dodecyl acetate were prepared as in example 
1 , but the beads formed were left over night in a 1% tannic acid solution. The 
beads were then washed in water and stored in water. 

EXAMPLE 4 

3 grams of gelatin were dissolved in 97 grams of water. 5 grams of 
Gossyplure (Pink Bollworm pheromone) and 3.4 grams of water. were added to 
16.6 grams of the solution, and the mixture was homogenized-for 5 minutes 
(9500 R.P.M). 2 grams of sodium alginate were dissolved in 98 grams of water, 
and 12.5 grams of the solution were added.to the solution of gelatin and 
dodecyl acetate; The whole mixture was laomogenized for 5 minutes (9500 
R.P.M). The resulting emulsion was«processed-as in example 1 to produce 
alginate gel beads containing Gosiplure. 
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EXAMPLE 5 

3 grams of gelatin were dissolved in 97 grams of water. 5 grams of 
Eugenol and 3.3 grams of water were added to 16.6 grams of the solution, and 
the mixture was homogenized for 5 minutes (9500 R.P.M). 3 grams of sodium 
alginate were dissolved in 97 grams of water, and 25 grams of the solution 
were added to the solution of gelatin and dodecyl acetate. The whole mixture 
was homogenized for 5 minutes (9500 R.P.M). 

The solution was added dropwise through a syringe equipped with a 18G 
x 1 1 / 2 needle, falling a distance of 500 mm, into 150 ml of 0.25% CaCI 2 
solution. The CaCI 2 solution was contained in a 150 mm diameter vessel, and 
stirred with a magnetic stirrer in a rate of about 120 R.P.M. The rate of addition 
was such that 5 minutes were required for the 50 g addition to take place. The 
beads which formed (2 mm in diameter) were left in the solution for 5 additional 
minutes. The beads were then separated by filtration through a sieve, washed 
in water and left overnight in a 1% tannic acid solution. The beads were then 
washed and stored in water. When air-dried, the beads became hard granules 
of about 0.5 mm in diameter. 



# 
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EXAMPLE 6 



Beads were made from an emulsion of 10%-Eugen©l^1% gelatinand 
1.5% alginate, in the same manner described in Example 5. The beads were 
placed in traps that were placed in a peanut- field. Together with these traps, 
reference traps that contained live virgin females of the beetle Maladera 
Matrida Argaman were placed in the field. After ten days, the traps containing 
the eugenol beads trapped as many beetles as the traps with the live females 

EXAMEkE 7 



Beadsivverie,«iinade*fiiiom^ a ntensiw lsi.0,n»of -1 f O%^h.en©nra0itie*of4he Pink 
BollwoiHim^otla?*1 %^ge.^ 

above.^rhVbeadsfcwer;e^ eacn - 
25 bagsrwefirplacedMrn a'cottpin^ 

Reference traps containing ph^eromone impregnated-in cardboandpwere placed 
in the middle of the square and in the field, away from the experiment. In a 90 
days period, the reference traps in the field around the experiment trapped as 
many as 30-40 moths a day, as long as the trap in the middle of the square did 
not catch moths at all. 



Using the beads made by Examples 1 . 3, 4 and 5, the amount of volatile 
material released to the atmosphere was measured resulting in the-amounts 
outlined in Table 1 " 
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TABLE 1: 



Sample 


Example 


Wet Bead 
diameter 
(mm) 


Dry bead 
diameter 
(mm) 


Wet bead 
Weight 
(mg) 


Dry bead 
Weight 
(mg) 


weight of active 
ingredient 

released after 30 
days 
(% of total) 


A 


1 


1.5-2 


1 - 1.5 


4-5 


1 -2 


55 


B 


3 


1 - 1.5 


1 


4-5 


1 -2 


30 


C 


4 


1.5-2 


1-1.5 


4-5 


1 -2 


50 


D 


5 


2-3 


0.5-1 


5 


0.5-1 


85 (after 21 days) 



The above results demonstrate that the formulations of Examples 1 and 
4 have substantially similar release characteristics after 30 days. In contrast, 
the formulation of Example 3 (including tannic acid), exhibited a slower release 
rate, resulting in a lower amount of released ingredient after 30 days. 



It will be evident to those skilled in the art that the invention is not limited 
to the details of the foregoing illustrative examples and that the present 
invention may be embodied in other specific forms without departing from the 
essential attributes thereof, and it is therefore desired that the present 
embodiments and examples be considered in all respects as illustrative and not 
restrictive, reference being made to the appended claims, rather than to the 
foregoing description, and all changes which come within the meaning and 
range of equivalency of the claims are therefore intended to be embraced 
therein. 
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WHAT IS-GLAIMEEMS:* 

1. A sustained-release polysacchaFide-protein water- insoluble bead, 
comprising an emulsion of at least one protein and at least one volatile 
hydrophobic component contained therein, wherein said volatile component is 
released from said water insoluble bead in atmospheric air. 

2. A sustained-release polysaccharide-protein bead according to claim 1, 
wherein said polysaccharide is an alginate. 

3. a sustained^release-ipolysaceharide-protein bead^acGordiiag-to claim 1, 
wherein said.*polysacchar-ide is selected, from the^group consisting of carboxy 
methyl cellulose?»chitin>, peotin, chitosanuand carageenan. 

4. A sustained-release, polysac®hanide#roteim bead-according to claim 1 , 
wherein said*volatile»eornponent*is a bioactive material. 

5. A sustained-release polysaccharide-protein bead according to claim 1, 
wherein said volatile component is pheromone. 

6. A sustained-release polysaccharide-protein bead according to claim 5, 
wherein said pheromone is selected from the group consisting of grandlure, 
muscalure, gosiplure and disparlure. 

7. A sustained-release polysaccharide-protein bead according to claim 1, 
wherein said volatile component is an essential oil. 

8. A sustained-release polysaccharide-protein bead according to claim 1, 
wherein said volatile component is a pesticide. 
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9. A sustained-release polysaccharide-protein bead according to claim 1, 
wherein said volatile component is an attractant. 

10. A sustained-release polysaccharide-protein bead according to claim 9, 
wherein said attractant is selected from the group consisting of eugenol, benzyl 
alcohol, leaf alcohols, aldehydes and acetates. 

11. A sustained-release polysaccharide-protein bead according to claim 1, 
wherein said volatile component is an attractant inhibitor. 

12. A sustained-release polysaccharide-protein bead according to claim 11, 
wherein said attractant inhibitor is selected from the group consisting of (Z)-9- 
tetradecenyl formate and (E,E)-10,12-hexadecadienol. 

13. A sustained-release polysaccharide-protein bead according to claim 1, 
wherein said volatile component is present in an amount of up to 50% wt./wt. 

14. A sustained-release polysaccharide-protein bead according to claim 1, 
wherein said volatile component is present in an amount of up to 20% wt./wt. 

15. A sustained-release polysaccharide-protein bead according to claim 1, 
wherein said protein is a gelatin. 

16. A sustained-release polysaccharide-protein bead according to claim 15, 
wherein said gelatin is a type B gelatin. 

17. A sustained-release polysaccharide-protein bead according to claim 1, 
wherein said volatile component is Eugenol. 
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18. A sustained-release polysaccharide-protein bead according to claim 1, 
further comprising tannic acid for effecting a slower release rate, 

19. A process for preparing sustained-release polysaccharide-protein water 
insoluble beads for release of a volatile hydrophobic component therefrom in 
atmospheric air, comprising: 

a) preparing an oil/water emulsion by homogenizing a volatile 
hydrophobic component with an aqueous protein-containing solution; 

b) mixing- a polysaccharide with wateuand: adding -the s'ame to said 
emulsion; 

c) refoomoginizing the emulsion of step (b)i and 

d) adding^the emulsion step-(c) in a dropwise manneMnto a gellant 
contained in an aqueous medium to form* said watewnsoluble beads* 

20. A process«according to claims 9, further-comprising the step^of: 

e) mixing said beads with a tannin solution to effect cross-linking of 
the protein component of said water insoluble beads. 

21. A process according to claim 20. further comprising the step of: 

f) drying said beads. 

22. A process according to claim 19, wherein said polysaccharide is an 
alginate. 

23. A process according to claim 19, wherein said polysaccharide is selected 
from the group consisting of carboxy methyl cellulose, chitin, pectin, chitosan 
and carageenan. 
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24. A process according to claim 19, wherein said volatile component is a 
bioactive material. 

25. A process according to claim 19, wherein said volatile component is 
pheromone. 

26. A process according to claim 25, wherein said pheromone is selected 
from the group consisting of grandlure, muscalure, gosiplure and disparlure. 

27. A process according to claim 19, wherein said volatile component is an 
essential oil. 

28. A process according to claim 19, wherein said volatile component is a 
pesticide. 

29. A process according to claim 19, wherein said volatile component is an 
attractant. 

30. A process according to claim 29, wherein said attractant is selected from 
the group consisting of eugenol, benzyl alcohol, leaf alcohols, aldehydes and 
acetates. 

31. A process according to claim 19, wherein said volatile component is an 
attractant inhibitor. 



32. A process according to claim 31, wherein said attractant inhibitor is 
selected from the group consisting of (Z)-9-tetradecenyl formate and (E,E)- 
1 0, 1 2-hexadecadienol. 
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33. A process according to claim 19, wherein said volatile- component is 
present in an amount of up to 50% wt./wt. 

34. A process according to claim 19, wherein said volatile component is 
present in an amount of up to 20% wt./wt. 

35. A process according to claim 19, wherein said protein is a gelatin. 

36. A process according to claim 35, wherein said gelatin is a type B gelatin. 

37. A process according to claim 22, wherein said alginate is a water-soluble 
salt of alginic acid. 

38. A process according to claim 22, wherein said alginate is a water-soluble 
salt of organic bases. 

39. A process according to claim 22, wherein said alginate is selected from 
the group consisting of sodium, potassium, magnesium, ammonium alginate 
and amines. 

40. A process according to claim 22, wherein said alginate is present in an 
amount of about 0.1-5% wt./wt. 

44. A process according to claim 22, wherein said alginate is present in an 
amount of about 1 -1 .5% wt./wt. 



42. A process according to claim 19, wherein said gellant is an aqueous 
metal salt solution. 



• 
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43. A process according to claim 42, wherein said aqueous metal salt 
solution comprises a divalent or trivalent metal salt. 

44. A process according to claim 42, wherein said metal salt solution 
comprises chlorides and acetates of calcium, barium and copper. 

45. A process according to claim 19, wherein the emulsion of step (c) is 
sprayed into said gellant to form micron-sized beads. 

For the Applicant 

WOLFF, BREGMAN AND GOLLER 



